This is the first report about the composition of the essential oil of Salvia x jamensis. The major compounds identified by GC-MS were β-caryophyllene (14.8 %), β-pinene (6.8 %), caryophyllene oxide (6.0 %), δ-cadinene (5.5 %), α-pinene (5.2 %) and spatulenol (5.2 %). The oil showed antimicrobial activity against three Gram (+) bacteria: Bacillus cereus, Staphylococcus aureus, and S. epidermidis, and three Candida strains: C. albicans, C. glabrata and C. tropicalis, while it was inactive against three Gram (-) bacteria: Pseudomonas aeruginosa, Escherichia coli and Enterobacter cloacae.
Terpenoids and phenolics are considered as the two major chemical classes in Salvia species [4, 5] . Among terpenes, monoterpene hydrocarbons, oxygenated mono and sesquiterpenes have been reported as the main constituents [3] . The important class of phenolic diterpenoids, such as carnosol and carnosic acid, show a high antioxidant activity [6] . Several reports about the in vitro antimicrobial activity of the essential oils from Salvia species against various microorganisms may be found in the literature [5, [7] [8] [9] [10] [11] [12] . Salvia x jamensis J. Compton, a Mexican perennial shrub, is a hybrid of Salvia greggii A. Gray and S. microphylla Kunt (syn S. grahemii Benth) [6] . To the best of our knowledge, the composition and antimicrobial activity of its essential oil have not been previously studied, while a phytochemical study has been carried out on the surface exudate, which showed a significant platelet antiaggregating activity. The same study reports the presence of a new diterpene (i.e., 15,16-epoxy-cleroda-3-en-7α,10β-dihydroxy-12,17,19,18-diolide [13] . The surface exudate of this sage also showed a significant phytotoxic activity against Papaver rhoeas L. and Avena sativa L. [14, 15] .
The aim of this study is to describe the composition and antimicrobial activity of S. x jamensis essential oil. The components of the essential oil of the flowering aerial parts of S. x jamensis are reported in Table 1 . Altogether, 56 compounds were identified, accounting for 93.8% of the whole volatiles. Sesquiterpene hydrocarbons (36.0%) represented the main volatiles, followed by oxygenated monoterpenes (20.1%), oxygenated sesquiterpenes (18.4%) and monoterpene hydrocarbons (18.0%). Diterpenes accounted for only 0.5%. β-Caryophyllene (14.8%) was the principal constituent of the essential oil, followed by β-pinene (6.8%), 1,8-cineole (6.6%), α-copaene (6.3%), caryophyllene oxide (6.0%), borneol (5.4%), α-pinene and spathulenol (5.2%). Since S. x jamensis is a hybrid, it may be of interest to compare the composition of its essential oil with that of the parent plants.
The main constituents of the essential oil of S. greggii from Dallas Arboretum and Botanical Garden, Dallas (USA) were 1,8-cineole (22.1%), borneol (16.5%), camphene (11.0%), α-pinene (9.9%), β-pinene (6.8%), β-caryophyllene (5.6%) and caryophyllene oxide (5.4%) [3] . In our S. x jamensis sample, a higher amount of β-caryophyllene and similar percentages of β-pinene and caryophyllene oxide were identified. De Martino et al. [16] reported cis-thujone (43.4%), δ-cadinene (14.0%) and geranyl acetate (8.7%) as main constituents in the essential oil of S. greggii obtained from plants cultivated in the garden of Improsta Experimental Station at Eboli, Salerno, Italy. In S. greggii from Italy, the percentages of β-caryophyllene, β-pinene and 1,8-cineole were very low (less than 1%), while α-pinene was not detected at all. The different compositions of the two reported oils is not surprising, as the chemical composition of S. greggii essential oils can be affected by genetic factors, climate, soil and cultivation conditions.
Chialva et al. [17] reported β-caryophyllene (10.8%), bornyl acetate (9.1%), 1,8-cineole (8.4%), α-pinene (5.9%) and spatulenol (4.7%) as the main components of the essential oil of S. microphylla from the Hanbury Botanical Garden of Capo Mortola, Ventimiglia, Italy. Consequently, the essential oil of S. x jamensis was more similar to those of S. microphylla and S. greggi from USA, than to [18] [19] [20] . In addition, α-pinene, β-pinene and germacrene D are endowed with antimicrobial effects [21, 22] . For this reason it could be hypothesized that the antimicrobial effect of the tested essential oil may be ascribed in part, but not exclusively, to the presence of appreciable amounts of β-caryophyllene, β-pinene, caryophyllene oxide, α-pinene and germacrene-D. However, the contribution of other minor constituents cannot be completely excluded [22] . The oil was considerably less active as an antimicrobial agent with respect to the reference drugs, levofloxacin and fluconazole for bacteria and fungi, respectively. However, this often happens when compounds such as antibiotics or antimycotics are used as references [23] . The oil of S. x jamensis did not inhibit the growth of two Gram (-) bacteria and showed a high MIC value for another one, Pseudomonas aeruginosa. Generally, Gram (-) bacteria are less sensitive to the antibacterial action of essential oils than Gram (+) ones because they (Gram (-) bacteria) have an hydrophilic outer membrane that acts as a barrier to hydrophobic essential oils.
The cell membrane of Gram (+) bacteria contains mucopolysaccarides, proteins and less phospholipids, and for this reason the entrance of antimicrobial agents such as essential oils and most antibiotics through the cell envelope is highly efficient for Gram (+) bacteria depending on a reaction with the protein layer [22, [24] [25] [26] .
To the best of our knowledge this is the first report about the composition and antibacterial activity of the essential oil of S. x jamensis. Extraction and analysis of the essential oil: Dried, flowering, aerial parts of S. x jamensis were hydrodistilled using a Clevengertype apparatus for 3 h. The essential oil was separated and dried over anhydrous sodium sulfate, stored in hermetically sealed glass vials and kept at 4 °C until analysis and biological tests. The oil yield was 0.2%, v/w. GC analyses were accomplished with a HP-5890 Series II instrument equipped with HP-WAX and HP-5 capillary columns (30 m x 0.25 mm, 0.25 m film thickness); oven temperature was programmed from 60 to 220°C at 3°C min; injector and detector temperatures 250°C; carrier gas helium Essential oil of Salvia x jamensis Natural Product Communications Vol. 7 (9) 2012 1239 (2 mL/min); detector dual FID; split ratio 1:30; injection of a 10% n-hexane solution (0.5 µL). For both the columns, identification of the chemicals was performed by comparison of their retention times with those of pure authentic samples and by means of their Linear Retention Indices (LRI) relative to a series of n-hydrocarbons. GC/EIMS analyses were performed with a Varian CP-3800 gaschromatograph equipped with a HP-5 capillary column (30 m x 0.25 mm; coating thickness 0.25 µm) and a Varian Saturn 2000 ion trap mass detector. Analytical conditions: injector and transfer line temperatures at 220 and 240°C respectively; oven temperature was programmed from 60°C to 240°C at 3°C/min; carrier gas helium at 1 mL/min; injection of 0.2 µL (10 % n-hexane solution); split ratio 1:30. Identification of the constituents was based on comparison of the retention times with those of authentic samples, comparing their Linear Retention Indices relative to the series of n-hydrocarbons, and by computer matching against commercial (NIST 98 and ADAMS 95) and home-made library mass spectra built up from pure substances and components of known essential oils and MS literature data [27] [28] [29] [30] [31] [32] . Moreover, the molecular weights of all the identified substances were confirmed by GC/CIMS, using MeOH as CI ionizing gas. Antimicrobial assay: The antimicrobial activity of the S. x jamensis oil was tested using the microdilution method [22] . An emulsion of the oil in agar (Sigma-Aldrich) 1‰ was obtained by sonication of the mixture at 7 volts power with a Hielscher UP50H (Seneco-Milano) sonicator for 10 s. Overnight grown microbial suspensions were standardized to approximately 10 5 cells/mL. Ninety-six wellmicrotiter plates were used. In each well, 100 µL of microbial suspension was added to 100 µL of the test oil dilution (added to final concentrations of 10.0, 5.0 and 2.5 mg/mL, 1250, 625, 312, 156, 78, 39, 18 and 9 µg/mL). Each oil concentration was tested in triplicate. The last row, containing only agar and microbial suspension, were considered as a growth control. The plates were incubated at 37°C for 24 h with shaking, and the MIC (minimal inhibitory concentration) was determined as the lowest concentration of the oil whose UV/VIS absorbance at 570 nm was comparable with that of negative-control wells using a microplate reader (Anthos GF). The MIC values were defined as the lowest concentration of the oil in which a well of the microplate test is without turbidity (total inhibition of microorganism growth). Levofloxacin and the fluconazole were used as positive controls for bacteria and fungi respectively to check the sensitivity of the test organism as described by Fraternale et al. [33] .
Bacterial and fungal strains:

